Abstract
Introduction

21
Studies of microbial communities by metagenomics are becoming more and more popular in different bio- 
29
With the development of nanopore sequencing, portable and affordable real-time SMS is a reality (Edwards 30 et al. 2016).
31
In case of low microbial biomass samples, there is very little native DNA from microbes; the library 32 preparation and sequencing methods will return sequences whose principal source is contamination (Weiss DNA/RNA, target of the sampling) approaches the order of magnitude of the noise (acquired DNA/RNA 37 from contamination and artifacts), particular methods are required to try to tell them apart.
38
The roots of contaminating sequences are diverse, as they can be traced back to nucleic acid extraction Regarding the kitome, it varies even within different lots of the same products. 
51
The lower the biomass in the samples, the more essential it is to collect negative control samples to help in the 52 contamination background assessment because without them it would be almost impossible to distinguish 53 inherent microbiota in a specimen (signal) from contamination (noise).
54
Even if the native and contaminating DNA are accurately separated, the problem of performing a reliable 55 comparison between samples remains. In general, the sequence reads are assigned to different taxonomic 56 ranks, especially when using a more conservative approach like Lowest Common Ancestor (LCA) (Ames, classifier does not use the LCA strategy, each read is assigned a particular score or confidence level, which 60 should be taken into account by any downstream application as a reliability estimator of the classification.
61
Despite these difficulties, it is still more challenging to compare samples with very different DNA yields, , which provides reference-independent comparative metagenomics using cross-assembly.
80
The following year, a new tool for visually comparing microbial community structure across microbiomes, 
95
Recentrifuge enables researchers to analyze results from the Centrifuge and the LMAT classifiers using samples. The same procedure is applied to the trees of every sample in the dataset. This method does not just "prune 116 the tree", on the contrary, it accumulates the counts n i of a taxon in the parent ones n p and recalculates the parent 117 score σ p as a weighted average taking into account the counts and score of both. In general:
where D is the number of descendant taxa that are to be accumulated in the parent one and σ i their respective scores.
119
This is done recursively until the desired conditions are met. This method is applied, at a given taxonomic level, to 120 the trees of every sample before being compared in search for the shared and exclusive taxa. The mintaxa parameter 121 defaults to 10 as in LMAT, but this value can be modified and set independently for control and real samples.
122
For implementation details of the Recentrifuge computing kernel please see Supplementary Section 2. 
G6
Figure 1. Operating with taxonomic trees. (A) Example of the recursive function which "folds the tree" to prepare the taxonomic trees for further operations, with the parameter mintaxa set to 10 (default) and the minimum rank of interest minrank set to 'genus' . Initially, their trees show the direct taxonomic classification results. Then, recursively, the leaves of the tree are accumulated in the parent node if their number of assigned reads is under mintaxa (shown in red and bold counts) or if their corresponding taxonomic rank is below minrank. In this 'folding' , the parent score is updated with a weighted average of its own score and the ones of the descendants that are being accumulated. E.g., after the 1st step, the G1 taxon at the sample is updated with n p = 2 + 4 + 2 = 8 counts and score of σ p = 1 8 (60 * 4 + 35 * 2 + 45 * 2) = 50. As the counts for G1 are still under mintaxa, in the 2nd step they are accumulated in F 1 and its score updated to 1 10 (50 * 8 + 100 * 2) = 60. (B) Continuing with the example in (A), at genus level, a couple of derived samples are shown: the right one with the control removed from Sample1, the left one with the exclusive taxa of Sample2, those taxa not present in the rest of samples, in this case, the control and Sample1.
6
Derived samples 124 In addition to the input samples, Recentrifuge includes some sets of derived samples in its output. After parallel cal-125 culations for each taxonomic level of interest, it includes hierarchical pie plots for CTRL (control subtracted samples), 126 but also for EXCLUSIVE, SHARED and SHARED_CONTROL samples, defined below.
127
Let T mean the set of taxids in the NCBI Taxonomy (NCBI 1988b) and T s the collection of taxids present in a
where T to such level l detailed in the previous subsection (and Figure 1A ).
135
For a taxonomic rank k of interest, in a series of S samples where there are N < S negative controls, the sets 
Please see Figure 1B for examples. Finally, in parallel, Recentrifuge generates a set of SUMMARY samples condens-
143
ing the results for all the taxonomic levels of interest.
144
Robust contamination removal
145
For a taxonomic rank k, after the 'tree folding' procedure detailed above, the contamination removal algorithm re- 
154
The crossover robust tests are defined as follows:
Order of magnitude test (t
where Q n (Rousseeuw and Croux 1993) is a scale estimator to be discussed below, and δ and ξ are constant parameters 158 of the robust contamination removal algorithm. The parameter δ (3 to 5 by default) is an outliers cutoff factor, while 159 ξ (2 to 3 by default) is setting the difference in order of magnitude between the relative frequency of the candidate to 160 crossover contaminator in the sample s and the greatest of such values among the control samples.
161
Q n is the chosen scale estimator for screening the data for outliers because of his remarkably general robustness is our case, all at a reasonable computational complexity, as low as O(n) for space and O(n log n) for time. So, here:
where d = 3.4760 is a constant selected for assymetric non-gaussian models similar to the negative exponential 167 distribution, m refers to the mth order statistics of the pairwise distances and Γ is the Gamma function.
168
Results
169
Recentrifuge is a metagenomics analysis software with two different main parts: the computing kernel, im-170 plemented and parallelized from scratch using Python, and the interactive interface, written in JavaScript as To ensure the widest portability for the interactive visualization of the results, the central outcome of
177
Recentrifuge is a stand-alone HTML file which can be loaded by any JavaScript-enabled browser. datasets containing variable length reads, for example, the ones generated by Oxford Nanopore sequencers. For each taxon, the background color reflects the average confidence level of the taxonomic classification following the scale plotted in the bottom left of the figure, where the buttons for the score navigator are also found. Sorting of taxa is done attending to the average confidence level, as that option is enabled in the plot. In this particular case, the taxon Methanosarcina soligelidi is selected in the pie chart, thus prompting the display of related statistics and links in the top right of the figure. The current links are to Google Scholar and NCBI Taxonomic Browser (NCBI 1988b), while the statistics include the number of reads assigned to this or lower taxonomic levels −Counts− and their average confidence −Confidence (avg)−, the number of reads just assigned to this level −Unassigned−, the NCBI taxid −TaxID− and rank −Rank−, and some relative frequencies data.
Discussion
197
Recentrifuge enables score-oriented robust comparative analysis of multiple samples, especially in low-
198
biomass metagenomic studies, where contamination removal is a must. This is an example outlining the problem of comparing different but related samples in a SMS study. The sample named 2A is subdivided longitudinally in six subsamples whose DNA is extracted along with a negative control sample. The purified DNA is then sequenced and the generated sequencing reads are processed through a metagenomics analysis pipeline (as the one detailed in Supplemental Figure 7) . A collection of different datasets are finally generated, which should be adequately compared in order to elucidate lengthwise patterns in the microbiota within the 2A sample. Figure 6 , spans in a number of stages to extract valuable field-domain information starting from the original samples. For each sample, the DNA is extracted using a commercial kit, a custom protocol optimized for the type of sample or a combination of both. Next, a library matching the sequencing technology to be used is prepared with the purified DNA, which is then sequenced. The reads provided by the sequencer are processed through a bioinformatics pipeline that we could roughly separate in three consecutive steps: in the pre-analysis the reads are quality checked using codes like FastQC 
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